UNITED STATES SPECIFICATION 


TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT I Georg Bollig, a citizen of Germany, 
residing at RoonstraSe 8, D-47799 Krefeld, Germany have invented 
certain new and useful improvements in an 

THIN-STRIP CASTING DEVICE 

of which the following is a specification. 
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CROSS-REFERENCE TO RELATED APPLICATIONS 
This is a continuation of United States Patent 
Application Serial No. 10/010,528 filed on December 7, 2001, 
hereby incorporated by reference, and which claims priority 
under 35 U.S.C. 119 of German No. 100 61 882.0 filed on 
December 12, 2000. 

BACKGROUND 

The invention relates to a thin-strip casting device 
comprised of a pair of casting rollers that oppose each 
other and are approximately identical. The casting rollers 
form a funnel by means of lateral seals for receiving the 
steel melt. 

Thin-strip casting devices, in particular two-roller 
casting devices for producing hot-rolled wide strip material 
in the usual width range of about 800 to 1400 mm and a 
thickness range of about 2 to 5 mm normally found in such a 
production, are known in practical life. Casting rollers 
with a constant diameter and variable lengths of their 
shells are normally employed because the width of the strip 
material is substantially determined by the length of the 
shell of the casting rollers. 

However, in the planning of a steel plant in the form of 
a mini-foundry with an annual production capacity of about 
400,000 to 500,000 tons, which is installed upstream of the 
thin-strip casting plant and continuously supplies the 
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latter with steel melt, the production of the steel foundry 
is practically constant. Therefore, the steel plant is 
operating economically only if at least three to five 
charges are poured as "conti-conti" casts. This means that 
the steel foundry has to be planned and designed in such a 
way that it is capable of supplying the thin-strip casting 
device with steel melt in a continuous manner when the 
maximum strip width is desired. However, it must also be 
accepted in the case where the steel foundry is operated 
with artificially prolonged charging times when small strip 
widths have to be produced. This fact, however, impairs the 
economy of the production facility as a whole. 

SUMMARY OF THE INVENTION 
The object of the invention is to increase the capacity 
of existing thin-strip casting devices that are already 
operating within their limit ranges, with low technical 
expenditure in terms of machinery and with justifiable 
investment expenditure. The objective is to avoid the 
drawbacks of the prior art described above to the extent 
that a thin-strip casting device is provided that assures an 
about constant production of thin-strip material over the 
entire selected width range, without requiring artificially 
prolonged charging times of the steel foundry installed 
upstream. 
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The problem is solved by a multitude of pairs of 
interchangeable casting rollers associated with the thin- 
strip casting device. These casting rollers have different 
casting roll diameters depending on the strip widths to be 
cast. 

In an advantageous embodiment of the invention , each pair 
of casting rollers has a shell length defined by the strip 
width. A defined casting roll diameter is chosen whereby the 
product of the shell length and the .casting roller diameter 
"D" of the casting rollers of all interchangeable pairs of 
casting rollers is approximately the same. 

According to a useful further development of the 
invention, the pairs of casting rollers each are pre- 
installed in a changing frame. 

Compared to known devices, the proposed thin-strip 
casting device offers a substantial advantage in that it 
assures without much technical expenditure a constant 
production of thin-strip material in any customary width 
range and thus an economical operation of the steel foundry 
operating upstream. 

BRIEF DESCRIPTION OF [ THE DRAWINGS 
Other objects and features of the present invention 
will become apparent from the following detailed description 
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considered in connection with the accompanying drawings 
which disclose at least one embodiment of the present 
invention. It should be understood, however, that the 
drawings are designed for the purpose of illustration only 
and not as a definition of the limits of the invention. 

In the drawings, wherein similar reference characters 
denote similar elements throughout the several views: 

FIG. la is a side view of a thin-strip casting device in 
the form of a two-roller casting plant. 

FIG. lb is the view "A" according to FIG. la. 

FIG. 2a shows the thin-strip casting device according to 
FIG. la in two schematically indicated variations, using 
differently designed casting rollers. 

FIG. 2b is the view "B" according to FIG. 2a. 

FIG. 3 is the side view of a side seal for a pair of 
casting rollers; and 

FIG. 4 shows the section C-C according to FIG. 3. 
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DESCRIPTION 

FIGS, la and lb show a thin-strip casting device 1 in the 
form of a two-roller casting device. Casting device 1 is 
comprised of a pair of casting rollers 2, which oppose each 
other and are approximately identical. Casting rollers 2 are 
provided with a defined, predetermined shell length, which 
approximately conforms to the strip width "B" and with a 
defined, predetermined casting roller diameter "D" . 

Casting rollers 2 form a funnel 5 by means of the 
associated side seals 3, which each are arranged in mounting 
supports 4. Funnel 5 serves for receiving steel melt 6, 
which is continuously supplied via an intermediate container 
7 equipped with ah immersion tube 8, by a steel foundry that 
is located upstream and not shown in detail. Steel melt 6 is 
filled into funnel 5, formed by easting rollers 2 and side 
seals 3 up to a defined bath level 9. The height of bath 
level 9 is also referred to as a solidification length "1" 
and defined by a bath level angle "a". 

As casting rollers 2 are rotating, preferably in mutually 
opposite directions, steel melt 6 solidifies on said 
rollers, forming two strand skins 10 or shells with a 
thickness "s" . Due to the rotation of casting rollers 2, two 
strand skins 10 are moved downwards and compressed at a kiss 
point 11 or nip to form a thin-strip 12 with the strip 
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thickness d = 2 * s. The casting rollers are preferably 
cooled. 

Thin-strip 12 exits from thin-strip casting device 1 at 
the casting rate "v", which corresponds to the peripheral 
speed of casting rollers 2. 

Furthermore, the following conditions have to be noted 
for thin-strip casting: 

Thickness "s" of two strand skins 10 approximately 
results from the following known relation: 

s = k * t\ 

whereby "k" is a constant depending on the cooling 
conditions, and "t n " is the solidification time. 

A value of from 0.5 to 1.0 can be assumed for "n" , 
whereby n = 0.5 applies to a constant surface temperature 
(conventional continuous casting), and n = 1.0 applies to a 
constant temperature gradient in strand skin 10, thus to a 
highly decreasing surface temperature of said skin. 

A highly decreasing surface temperature of strand skin 10 
is expected in thin-strip casting, and it has been found 
that in the thickness range of up to about 5 mm, n = 1 
applies at least by approximation, and thus 
s = k * t applies accordingly. 
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Furthermore, after evaluating extensive tests and the 
trade literature it was found that for thin-strip casting in 
the thickness range of up to 5 mm, with "t" in seconds and 
"s" in mm, the constant for the very rapid initial 
solidification of strand skins 10 comes to "k" = 2.5. 

Accordingly, the following conditions now apply: 

( 

s = 2.5 * t 

d = 2 * s, and accordingly 
d = 5 * t, or t = d/5. 

It is known that the following applies to the casting rate 
"v" : v = 1/t, whereby solidification length 1 results in the 
following at a bath level angle "a" of 45Q: 

1 = (II * D * 45)/360 = 0.39 * D. 

With t = d/5, the following is obtained for "v" in m/s ("D" 
in m and "d" in mm) : 

v = (0.39 * D * 5)/d = (1.95 * D)/d, 

and accordingly the following is obtained for "v" in dm/s as 
well as "D" and "d" in dm: 

v = (1.95 * D) / (d * 100) . 
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As demonstrated above, casting rate "v" of thin-strip 
casting device 1 is proportional to diameter "D" of casting 
rollers 2 and inversely proportional to strip thickness "d" . 


The production "P" of thin-strip casting device 1, 
measured in kg/£, is obtained in dependence of strip width 
"B" and strip thickness "d" (each in dm) , casting rate 11 v" 
(in dm/s) and the density for steel of 7.8 kg/dm 3 from the 
following relation: 

P = B * d * v * 7.8. 

Furthermore, taking into account the above conditions 
with respect to "v", the following is obtained for 
production "P": 

P = B * 1.95 * D * 0.078. 

Furthermore, it was found that the production of thin- 
strip casting device 1 is proportional to strip width "B" 
and diameter "D" of casting rollers 2. 

Now, based on the evaluation of the conditions specified 
above, an approximately constant production r, P" that is 
coordinated with a steel foundry located upstream, can be 
achieved according to the invention by associating with 
thin-strip casting device 1 a multitude of interchangeable 
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pairs of casting rollers 2, whereby pairs of casting rollers 
2 each have a different casting roller diameter "D" 
depending on band widths "B" to be cast. 

FIGS. 2a and 2b show a comparison of a side view and a 
top view on the left side casting roller 2 of a pair of 
casting rollers 2 for producing a wide thin-strip 12, and on 
the right side casting roller 2 of a pair of casting rollers 
2 for producing a narrow thin-strip 12, because the length 
of the shell of casting rollers 2 is known to be defined or 
determined by selected strip width "B" . Furthermore, casting 
roller 2 drawn on the left side for the wide thin-strip 12 
has a smaller casting roller diameter "D" than casting 
roller 2 drawn on the right side. 

The invention assures an approximately constant 
production of thin-strip 12 over the entire range selected 
for the width without requiring any artificially extended 
charging times of the steel foundry located upstream. Strip 
width "B" or jacket length, and casting roller diameter "D" 
of each pair of casting rollers 2 are selected in such a 
manner that the product of the jacket length and casting 
roller diameter "D" ^of all interchangeable pairs of casting 
rollers 2 is approximately the same. 

The invention is explained by way of example in even 
greater detail in the following. 
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For a mini-foundry comprising an electric steel plant and 
thin-strip casting device 1 for producing hot-rolled strip 
material with an annual production capacity of about 500,000 
tons in the width range from 800 to 1400 mm strip width "B", 
provision has to be made in the prior art for a steel 
foundry with an hourly production capacity of about 9 0 tons, 
and thin-strip casting device 1 with a casting roller 
diameter "D" of about 1.2 m. Based on a selected strip width 
"B" of 1,400 mm and the easting roller diameter "D" of 1.2 m 
specified above, the thin-strip casting device has an hourly 
production output of 90 tons as well. ' ; 

However, for strip widths of less than 1,400 mm, the 
hourly production output of thin-strip casting device 1 is 
lower, so that the steel foundry, as explained above, has to 
be operated for the required continued continual supply of 
thin-strip casting device 1 with artificial pauses between 
the charges. With such a plant design, the annual production 
capacity then ensuing from the mean hourly capacity of thin- 
strip casting device 1 comes to between about 52 tons at 800 
mm strip width, and, as specified above, to about 90 tons at 
1,400 mm strip width "B". 1 

With the measures as defined by the invention, which is 
to substantially employ different casting roller diameters 
"D" for different strip widths "B", a mini-foundry can be 
planned, for example for about 500,000 tons annual 
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production capacity and strip widths "B" to be produced in 
the range of from 800 to 1,400 m. The electric steel plant 
outputs about 70 tons hourly and thin-strip casting device 1 
has casting roller diameters "D" selected, for example with 
1.4 m for strip widths 11 B M of 800 to 1,000 mm; 1.2 m for 
strip widths "B" of from 1,000 to 1,200 mm; and 1.0 m for 
strip width "B" of from 1,200 to 1,400 mm. With such a 
design, the hourly production capacity of thin-strip casting 
device 1 is adapted over the entire width range to the 
hourly production output of the steel plant. 

Artificial pause times of the steel plant between the 
individual charges are now no longer required in order to 
assure a continuous production "P" . 

FIGS. 2a and 2b furthermore show that for the purpose of 
a more practical handling of the pairs of casting rollers 2, 
i.e. for their interchange depending on the selected strip 
width "B" to be cast, pairs of casting rollers 2 each may be 
pre-iristalled in a change frame 13 that is mounted in a 
fixed, but detachable manner on a base frame - not shown in 
greater detail - of thin-strip casting device 1. 
Change frame 13, furthermore, may have the same outside 
dimensions for all dimensions used for casting rollers 2 
employed (FIG. 2b). 
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Furthermore , change frame 13 supports setting frames 14 - 
which are known per se - for bearings 15 of the casting 
rollers 2. Setting frames 14 can be set to desired strip 
thickness "d", for example by means of the hydraulically or 
pneumatically actuated setting cylinders 16. 

Holding elements 4 for the side seals 3 - which are known 
per se and not shown in greater detail in FIGS. 2a and 2b - 
of pairs of casting rollers 2 are mounted on support 
surfaces 17 of change frame 13. Lateral seals 3 are known to 
be substantially formed by outer frame 18 that is lined with 
a cast refractory compound 19 (FIGS. 3 and 4). On both sides 
of casting rollers 2, insert 20 consisting of a special 
ceramic material, for example boron nitride, is embedded on 
each side in refractory compound 19. Inserts 20 envelop the 
peripheral tracks of casting rollers 2 disposed below bath 
level 9. 

Suitably adapted lateral seals 3 may be associated with 
the different diameters "D" of the casting rollers. 
Furthermore, it is possible also to design lateral seals 3 
in such a manner that the same lateral seals 3 may be 
associated with pairs of casting rollers 2 having the 
different casting roller diameters "D" , by designing, for 
example inserts 20 in a variable manner in the zone of the 
peripheral surfaces of casting rollers 2, such inserts 
enveloping the latter.' 
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The same may apply to holding elements 4 of lateral 
seals 3, which may be adaptable to changed casting roller 
diameters "D" and, if need be, to variably designed lateral 
seals 3, as well as to changed shell lengths of casting 
rollers 2 , by adjustably and lockably guiding said holding 
elements vertically and/ ( or horizontally and/or radially in 
guide elements such as, for example rails, which are not 
shown in detail, but known per se. 

As far as change frame 13 is concerned, it is recommended 
to provide two change frames 13, of which the one frame is 
in use with a corresponding pair of casting rollers 2, and 
the other is being prepared with a corresponding pair of 
casting rollers 2 and new lateral seals 3 for the next 
change. 

Accordingly, while at least one embodiment of the 
present invention has been shown and described, it is to be 
understood that many changes and modifications may be made 
thereunto without departing from the spirit and scope of the 
invention as defined in the appended claims. 
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